Abstract -The corrector magnet for the Large Hadron Collider (LHC) contains a 1.5 tesla dipole for orbit correction and a 8000 T/m2 sextupole for chromaticity correction. The dipole has for compactness been mounted around the sextupole coil. A full scale prototype of 1.3 m length has been fabricated and tested. The coils were first tested at 4.2 K. It appeared that the training of the impregnated coils could be strongly reduced by increasing the radial pre-compression. The coils were subsequently cooled to the operational temperature between 1.8 and 2 K and the field quality was measured with a harmonic rotating coil. The paper presents the results of these tests and the experience obtained with such a type of combined magnet.
I. INTRODUCTION
The prototype corrector magnet MDSBV [l, 21 for LHC consists of an inner sextupole magnet and an outer horizontal dipole magnet (Fig. 1) . The sextupole strength for a given coil decreases quadratically with the radius; this winding has therefore been mounted closest to the axis. The coils of both magnets are wound from monolithic superconducting wire which was PVA enamel insulated. Some data are given in Table 1 . It appeared that the coil contraction was stronger than that of the aluminium resulting in a lower pre-compression at cold than expected (pressure on coil some 6 N/mm2).
Therefore the shrink fit was done again after Test 2 to obtain a better pressure on the coil ( 9 N/mm2).
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The magnetic measurements were done at CERN at the temperatures of 4.2 K and 1.8 K using a harmonic rotating coil [3] .
III. MAGNET TRAINING RESULTS
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Short sample 1.8 K 900 I - The whole training history is shown in Fig. 2a, 2b and 2c for the dipole and Fig. 3a, 3b, 3c for the sextupole. The dipole trained a lot during test 1 (Fig. 2a) training, even at 1.8 K (Test 5). The dipole training in 44% of the sextupole field ( Fig. 2b ) also reached its short sample limit after the fist heat cycle (Test 2). The dipole training in 87% of the sextupole field ( Fig. 2c) did not reach the short sample limit during the second test. However during the third test, after increasing the pre-stress on the coil, the dipole did not train at all nor during any of the following tests and even reached short sample performance at 1.8 K without training. The small differences between test results and the short sample limit at 1.8 K are caused by the helium temperature variations. So in spite of a painful start the dipole behaves very well. For the sextupole (Fig. 3a) , the first test showed also a lot of training, (the magnet was not trained up to the short sample limit to save helium), the second test showed a big improvement after the heat cycle to room temperature (only one quench was made for economy) and finally in the fourth test the magnet was brought to short sample current.
However it appeared that at 1.8 K (Test 5) the magnet would not improve easily and the training was not pursued to the short sample limit. The sextupole training in 43% of the dipole field (Fig. 3b ) only reached the short sample limit in test 4 and at 1.8 K it hardly improved as compared to the results at 4.2 K. The sextupole training in 64% of the dipole field ( Fig. 3c) did not reach the short sample limit at all and continued to improve through all the tests at a kind of continuous but very slow rate.
B. Working envelop
In order to see how the magnet performance compares to the desired excitations, Fig. 4 shows the working areas obtained after the second, the fourth and after the fifth test. The area under each curve covers all the combinations of excitation possible without the risk of a quench. One can see that after test 2 the dipole alone reaches its short sample current but not the sextupole nor the combined fields. After test 4, the sextupole alone also reaches its short sample current but there is still a region of combined fields where the short sample limit is not met. After test 5 we see that although the dipole alone reaches its short sample limit, the sextupole alone and the combined fields only reach 60% to 80% of the short sample limits. However, at 1.8 K the performance allows to cover the specified operational field combinations ("operational zone"). 
C. Discussion of training results
Although the magnet is perfectly acceptable, it is still puzzling to know what limits the sextupole performance, i. e. it is not well understood why the dipole reaches easily its short sample and why the sextupole does not. In particular why does the sextupole not improve more at 1.8 K ? We suspect mechanical limitations; this is based on the following arguments.
First there is a striking similarity between the single dipole training and the single sextupole training. In Fig The peak voltages on the CO For the dipole coils, these voltag for quenches caused by the dipole, the maximum values are described by: Vdip coil 0.13 12dip (volt).
The voltages are at least reduced by a factor of 10 for quenches caused by the sextupole.
For the sextupole coils, these voltages range from 10 to 85 V whether caused by the sextupole or by the dipole and the maxima measured can be described by:
Vsext coil 5 0.124 Isext (Volt).
In general, when one of the two magnets quenches, the other will quench too after a short time delay. The delay from a dipole quench to a sextupole quench ranges from 200 msec at low dipole current to 80 msec at high current and roughly follows the equation:
The delay from a sextupole quench to a dipole quench ranges from 150 msec at low sextupole current to 20 msec at high current and can be described by:
delay dipole-sextupole -9 106/13sext (seconds).
V. MAGNETIC MEASUREMENTS
The magnetic measurements were done with an equipment [3] designed for the measurement of the main dipole magnet models. Unfortunately, the geometry and the positioning of the device introduced measuring errors and in the future the system needs to be updated for this particular application. Figures 6 and 7 show the multipole content of the dipole field and the sextupole field respectively at the radius of 0.01 m. The dipole field quality corresponds to the expected multipole contents except for the decapolar multipole which is higher than what the calculation predicted after optimization.
However there appear to exist unexpected multipoles of even order. The skew components suggest a deviation of field angle of 0.03 radians but this appeared to be due to an error in geometry of the measuring coil assembly. The sextupole field quality is much worse than expected from the calculations although practically all the multipoles still stay below lo4 of the sextupole field at this radius of 0.01 m. The large dipolar and quadrupolar components must have been introduced by an off-centre of the measuring coils. The reason for the existence of the skew components is not yet quite understood; they appear to depend much on the field history and may therefore be linked to persistent current effects. The saturation effect of the yoke causes a field reduction when both magnets are excited. This reduction is about 6%0 for the dipole and 1 %o for the sextupole.
VI. SUMMARY
The results of the tests show that the combined dipolesextupole corrector magnet does meet the desired field strengths. The dipole from the third test onwards (the prestress had been increased) performed with no training: even the short sample performance at 1.8 K was obtained without further training. The sextupole meets the specified gradient and does not re-train. However the sextupole did not reach its short sample limit at 1.8 K. A new stronger shrink-fit has been planned to check whether a higher pre-stress will give an improvement. The field quality of the dipole is about as expected whereas the sextupole shows higher multipole values than foreseen. However the measurement system needs to be reviewed before more can be said about the field precision.
